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(57) [SIR] («JEW) 

#3§W<7>£?£ htt, L Tfdl 



I 



1 

(b) m 6 o nmmmcDtfi-gi&mTztefttm. x\±m 

[»**2] (a) **fc*b*tf*#^ffl:7* hl/^ 
(b) fil6 0nmta«|^nm 

[if*^S3] i £x±<Dy* bmm&mik&yofr. y*v 

[sf*^g4] 7^-M/^hn-r^y^\ EUV 

[»**B5] 7^hi/^h3-f^yW, a-^tr 

[fS*;JS6] 7^hl/y7M>-T^>^W 4 XlBJfe 
1 7^ 3 ^-Ttb^— otcE* 

[IS*i57] 1K±<7?7^- Hft3g4fe»Jft-&W^, 7* h 

t » 6 fifi^-ir > h <o*S^#4t5«*:9 l Tbm 6 

[is*ig8] isi±<D7* bssa&±mk&&&* y*v 

[»**B9l 1 J£U:<£>7* h**£»Mfr&«W^ 7* h 
u^* hffl^*^4iI57^Ii^S* (■: l-tl^j 1 2fi 

[§f*rfiO] 1«±^7* h»*£»{fc^«as, 7* 
h 1-/7 hffljS;W^^B^<ofi4S:Sfp^ Lt» 1 0 
1 5fiS^-ir>-h^«ST-#aE-r-5BI*9[175 
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2 

VMY&m. >f ^ K^^^- Mfc-&«K N - 7/u*t^ 

io ci y wt^-f * >mk&%ox tt r *t b <7)^^-e fc 5 it 

175^1 OcOt^-rtt^^— ojCfSgc^77& 0 

[is*^i5] i sa±<d7* bmzt^.mit&yofc, 

Spirit**! 1 75M 1 5<D\,*-rtifr—nzfdffi.<Djj 

20 ffi 0 

[If *Ig 1 8 ] WffitfS, 1) 7x/^fi, 2) 7x 
^^fiSVS) 7* h^u-T f/i/7^^;u7^ ^ t — 

Kx^f/us^f^^y Sr*trHI*tS 1 7!;^ l 
[|f*3g2 0] »JB2iU t lJK±<07* SK36^#Hk-&^ 
<oy* h*36^t-&*^7* h hjR^tt^^HJK 
*3*C0j»atr#4b, lo7^ h l/y'7 hfilOOnra 

^r^-r 5 jfcstssx tts:^ tr — a x ii-f ^- > tr • 

[iS*r5 2 1 ] 3E(#:^^t**«*^a!7* h u^7. h 

ffittt'fcot, ^7*H/^ 7^7 
40 — /u««BXt/l JL^±C07^- hisafc^S:^^ -t^ 
»J!Btt^ft< <t t>Ho<Z)JSUlB^i|ft9igb*6S:'&*, 7 
* h l^^'T. h^^--^^ >ifMte. 1^)160 nm*l(7)ffi 

50 iC|Sffi^7* h uy^ h 0 



Xtt2 1 iCffiiK^;*- h l/y>, h e 

fiS^—tr^ N^r^^^^?tST#ft-t-5IS*il2 OX 
{12 1 tzmmv)'?* h i/y^ h 0 

X&2 1 izmmcD'?* h uy^ k 
[!S*rl2 7] lJ£JUt<D;7* h^^'Jft:^^^^- 

>tift:^*t:fe^if*ii2 ojsm2 oic 

fStt^^^- h l/y^ h D 

[§t*ii2 8] 1 j^jico^^- bm&±mik&mK &4 

*>ttfk-&*t?&5IS*tB2 0 7?/^ 2 7 tfn *-r*ta>— o 
p y ^fk*>f ^mtSVoXte ztib<o t? 4> -5 if 

**I2 0 7^2 6 cot^-ftt^— ofCfSgc^^ 7 ^- h 
h^jft, 

-T5IS*^2 0M2 9<Dl^-m^— odffitto:?*- h 

Yb£feAtJBR co S^fe K: <t 19 ^vu 7 ^ a x * & 
•rSIS*^2 0 71/^2 9<Ol^-m^— oirfSgtco^^- h 
l/y^ ho 

^~&^t?m$:m2 0 7^13 1 co^-Tix^— oicfBftco 
7* h U'v** h 0 

atpfS*3S2 0 7!/^ 3 ofc|E*a>:7* h 

U-v>^ ho 

[W*«3 4l UMIBtfS, 1) 7:r./— yUlji^ 2) 37 m 

hWi^tt^^y ^-^^tfif*ii2 0M3 ICO 

t^Xtf— oi-cfEgtcO^^- h l/y^ h 0 
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4 

3 4 coi^-Tix^— oicfBgc<7)7^ h h 0 

Sr^tr^^fT"^ 7"7^ h i/y^ hffij^litfcoT, 1 
JbcD^ bm5£±ik&yotf-7* h i/y^ h|S^c^co^@ 
^cofii^S^iCL-T / >^< fcfcW 5 
#*EU £o7^hl/^Mj;ai6 0nm*iSiD$fi 

x<u — ^pitBt?**, ffifig^o 
10 h hm^co^@^^sas-»^(cL*r^^< 

<tt*^6, 7 X 8, 9, 10, 1 lXttl 2li^-t 
^ h^»*^#^E-TSBI*3CB3 6Jr|E«6^>7ji- hi/y^ 

ho 

^ h i/y^ hffl^^ffiS$it7cS^^$t?Mp w Po 
[IS*^13 9 ] -^-T ^ n h an 5/^ ^ 

[!f*JS4 0] h L^iy^ h ^ IsPtfi* |]16 

20 A»J»||-riBffc-ft$nTV^*»*3a3 8Xfi3 

[0001] euv, t^tr-A, >ftyf 

30 *#*te>4xa 0 

[0 0 0 2] 7^- h l/y7 hfL >T ^ — ^Sr*frt^te» 
XWyS^^-y'S:Mt^ 0 at*^7* hi/y^ h 

"7^ h uy^ h=«— 7^-0^*31 ^T»jjftS:®j56 

i0a«Sh5o' 7^- h uy'7 hcoffifflfi, MxH 
7^i/^h^. h l/y^ htffi^^Sj , ^y"a 

^t^yy^^y/^-, r^^ — a — 9 (1 9 7 5) R 

W4j , /UtA/l/^ 4 ^ ^. — H — ^ (1 9 8 8) 

[0 0 0 3] '£%\(D7* h Uy7, hlL cOgE^co^ 



(4)tfJB 2002-55457 (P 2 0 0 2 - 5 5 4 5 7 A) 

5 6 

BW-5r.£#-T?#5»fL^7* h b<D&9&&& Gfg^ft§Uy^h/5\ EUV, «^-fcT— 

[0 0 0 4] *-t"*-f-J:9fil^jft*^tt*tilft MS, l/y^ hS^ft^^g^^f f^S2p|; UT8 

*Sif*0Ufco (A r FflJt^ioTigW^tb [0012] 1 9 3 nm^tt2 4 8 nraf^J; 

3) 1 9 3nmT^I)t(^ S$ 0 . 2 S * n ^TOfS •*(C*3l ^Ttt, W^d^P AGfiSlj:, ig 

[0005] ct^s^fft (<t oss^^m^^— ) <t)& twm<vmi&frh<D\gmzfrvxioiQ , mhMz^m-^^ 

-v ; ^^i-^^TtgttS'}fW-r5o 0S;tfi, EUV (S [0013] **W03EftS««^*5^Ttt, ib*it« 

>f ^<0«3SS:«riB^-r"*r: t*-e*So fc:7* MJSB£2!l* (photoacid gener 

[0 0 0 6] U^b4*se>, S40l/y^ MBfiKtttt, 20 ating efficiency) S:?8JltSfcM5 

^»»ctt^©J:5ftJB^^-B*«r»a-ett4 «ttStbS 0 »W*6GlJb Ufc:7* h«BB^a*Sr«-4-i- 

a, -r^-vtf— ^x^xiift^ift^/u^f— ag<^s7fe ^ ' — y — (gp^, ^oco^jia^^iiuwi) 3m 

[0 0 0 7] ^oT, ±<*ttSiXfc, /hS/JT'r-f^V »*b<tt&flD3a^|R9jSL*ffi : i) ~7 

* HtericttSrW-rsr: ttta* Lv^t-efca 0 ^^^/u^^^i i i) ^^h^^^tvu (phot 

EUV, tT-tf-A, ^^-^^-A^I/X^OiS^^ o-acid labile) WS, »K t - ~7* ^ J^T 

M^c*^Wi~^C <hfig!£ L^\, 30 7/1/^1/7^ y HSr-atpfcOffc-So 

[0 0 0 8] ffc^te, euv, tr— ^Xt^/xttx [0014] a**i, WM7x/^-#y^X 

[0 0 0 9] <0«««C*5V^T. *«W(07^M/^ ftiWl:^ 1 0 0 n m J; 9 Si XttE 

*hfi, Uisx b<D±x<Dl&(Dmt£l&ft (fiP*>. *JIE* UV, fl-T-tf-A, ^tyt'-^liXi^J: 5>&«Lgo 

l^_hco^^- h**^k^»S:*-t-5tCQ4: UT«Ff6W- U7c:7;t h T'fc6 r t -5 - ^ 

[0010]S^lt gK^r^;:, W**-**Dbfc - [0 0 15] »f^5l/^ hco^^- Mg*^?a*^lSAD 

KB)W^t^»*s*^/U^— m?L 40 tt, 2 4 8 nm^f ^v»/M8f OJ; 

tf, ^1 60nmJ:9fi^ttXI«!*i»l:ft«l ^-JMtiWfrttffl LtS^Sns 7^ h&^^tlt^U 

A, AXflX^coJ: y ^ft!lcoffi^^^=¥— <D1& 0Mx.fi, x-y^C-^^ 0 ^^ — 3?— (Dill C- 

St^-C^B^-iQf^bJx*^^ h>T 7«"^Wflftft Parameter) *SiSSS5feXtt*itKlRffi^(C «t 

[o o 1 1 ] «xji % a^ii % uy7, bmsffib<D±mj& iooi6i ^^xmm^^x^^x^iz^ f^juc - 

Gjg«, cto« i *L<fi, isVx hm&%o(D±mBft<o h*px7* bm&m£-tz>m£<DRmx*tbz--ikm&& 

ASfrMmt LT'M< t t>^6, 7, 8, 9, 1 0 ? f^tfttSo 7^^C-/N7^-^Hi, SfOUy 

11- 3 2< 3 3, 14Xlil 5ilA°~tyh©PA 50 ^h.Mxifi, P AGCBBbO^fe 1 o^e^%(Dm.&^ 



$ifEWM*ia— x$>z> 3/)>hem(D b&mM-tz 

RStS^l^i: (Eo) j&s, <5cK: 

mVniJ^flcmVuC) ^Stti-^o 
[0 0 17] #3g9lte, Sfc, 

±7^y-yu^— tfy -^-Xfiflfe^J: 9iS&<^y -sr— 

*J\s*c—tktft%k. fil6 0nmJ:9&^gX 

fiJ:*9ASWi-^l 0 0 nra«t 9S^jKS<D.&5ti». 

[0 0 18] — «^*3BW<^7^ h u^-x htt, «MB/£; 
#XlM£JLk<0:7tf h»SS£ft;-£4fc (PAG) £^& 0 

[0019] ixmm <dwm<d hs*4ft^^, * 

/^ ci >/>ft:#-r *ismk&m^<Di$<<( p a 

Sff* L^PAGti, ftgttffcKJ; ^noC a — c 6 
T yl^l^y^;*; ^gg^co^ d Tyi^yU^yu^ >g£, 
l< 117^ n C a - C ! 6 Tyl^^^yU/iN J; 9 

JEfcjf* L<ttHl7!)y^8 (t r i f 1 i c a c 
id) f ^)/>-7/l/t d C a - C a 6 7/^/M;U^y 

[0020] **ww»iu^^nt 

^Sr^tp^^-ryuatt, hi/y7 Hr£g 

fflSh^iffiO- Lt^xf tf/vg-efo 

[0 0 2 1 ] l^iBLfcJ: **W<E>»KiffS Li^stf 

T'PAG^, 7x/- y^S^r^tf^tJIg^'atfo 

[0 0 2 2] #C*iP;1^Uy'7, hCHEffll"**?* 
ttfflBt L-Tfi, »fr2 4 8 nmi:fci^^^-yy^: 

5 0 ^^ffi^#SU^^t^Ltvlltflg^ LTIi, tf^yu^ 
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8 

ffy:«!:m5fcWfc5o 7* h J: 9 »fi £ *x 

£ix5*H#fFSS6, 04 2, 9 9 7^^5., 4 9 

2, 7 9 3 *5^T<E>#y OJ: 7^- 

± 5ffi2»S/S*ff 91^: ^-e# 5 , t - y^yur ^ y u 

io — k t -/^^^^y u-h, Tt^/isTjf^^^/u 

So 

[0 0 2 3] _hfE<Ocfc *^^)yy^ M£*3^T 

•tt^t§^i:#i:fff Li^^^^^y — yu/r^ y u 
— hSMBtrfcfl , t^U7x/-;u ; ffiSi-r^^^tLTt 

te^^JS*>tTyi^^ryuStJ«flBiRS:T^ y hoi 

— tt, *B*SFtt=*6, 04 2, 9 9 7^P^£ 
ix. tt*fftt*W*B»<^— »i: UT#flB$ixSo 

30 *u<tt % ^ ^ ^yux^ —^^(D^^mm v m 

[0 0 2 4] — »^*5IW^)2K^U>5^ ht^y^Six 
5*t»*Ul/^flB«. t^7x/~;K ^^U>y^ 

t - yj-si'T? y h3^(i t - y^yuy ^ ^ y 
hcDj: p^Tyu^yi^T^ y h cofi^ic ± o TSS $ 
ix^/Ky -v— (7) J: 7=.S — yu¥(4 : ^^^yu^S; 

/ur^yu-h y h^^tp) 

40 tt, ft55^^^80 ^/U/^-t y h <7) 7 x / 

ZFifo 1 0^6 4 0^eyu/<— ir> hcOTyu^ryur^ y 
h¥S ; «t L < fi^J6 0/j^^j 7 5^-y^<— irv 
h^^^/— yu^f)):, ^ l 5^fe 2 5^-y^<— ir> hcD 
7x^.^fi, RXfffa l 5tj^ 2 5^eyu/<— ir > V<dt 

[0 0 2 5] Sfc, ^tfSU'S^K »Wt 



[0 0 2 6]**W©I/^M:it PAG^*# 
34, Xtt»Ji©PAG©8^*, *Iftl:ii2Xfi3(0 

IB^PAGJ:9*6a-&«35S$six4r. t^T#-5. Wf 

[0 0 2 7] *mmte. Sfc, #?£W<D7* b h 
(?) Hi - 7^ ^ - yeMt^^fco t , 0. 2^ 

[0 0 2 8] 3!^-tO±^»ai$nfc*3BW 

[0 0 2 9] ±iE(^cfc 5i-. *iW<?)^y7; Ml, 
<Dffim\z&\,^X\^ 1 K±^>PAGtt^^"CH*$Jxfc 

[0030] ^-^^Aj^fi, — d$tc*«i^rt£ofcftjB 

1 




'O z S 



[0 0 3 5] r(0±5 4ft^fttt, ±IEPAG 
^l?ai*lit^4 3-n y'*WfFffiK9 6 118 11 
1. 2* (&Rf f ftO 7 8 3 1 3 6f ) l:B«*ftt 

[ 0 0 3 6 ] ±5diL/c^^7r— v^u**— h^J£Jl^<£> 
T =■ > <t Sgifrft $ *Lfc±fiE — o<£> 3— K— t> A ft^fe 
l&tf 2fcX#i£T-*>*o JfSU>7 = *>l:fi 

fr^— h^&^/u? sujruZiT ^tyTfc^o 
[0 0 3 7] ^yUsfc^jMfifi, ti^PJ^Uy^ h 



20 



40 
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-^^^i*H#fF^4 ? 442, 1 9 7f;4, 60 
3, lOlf ;M4, 6 2 4, 9 1 2^f^lCE 

[0 0 3 1 ] — #fc#SLlv*=*-Mfti LTte, 3 — 
n s/^fctiK0 7 0 8 3 6 8 A 1 *KfE«}£iT,fc J; 5ft 3 

10 &^T^^iX^t>CO^^^n^ : 

[0 0 3 2] 



lit 1 ] 



RSOJ 



[0033] A r 1 RXfA r 2 -ttL-pfUft 

[0 0 3 4] 

2 



*o 3 s 



[0 0 3 8] 
[ ft 3] 




R4 — S { 



RSO3 



50 



[0 0 3 9] ::t', R 3 „ R*&t>*R s te. -tiVpJx 
C 6 -C 1 4 711-yUl > Ca-C 5 7/u^l/MW 



11 



-CsT/i-^l; ^hcl, *y^sK=^->/uS, fc: Kd 

[0 0 4 0] *^£Dl/y7 h tC^ffl $^5i§AD<7)$F ^ 10 
[ft 4] 




V< 



N0-S0 2 -X a R 
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2- (9, 1 O-yxh^yTyhyty, 
/U^7D-/K^^;X^OTfj:, (1) 1 J^_bco— 

»rit-T*. Xtt (2) I^ffiSXd (3) i4U 
zkit, Tyi^yuXteT /K Xfi (4) SUo^yi^- 
/i^**W^ K*#«»K:tt-&SiT4&S, Xtt (5) tK 

[0 0 4 5] 

[fk6] 



0SO 2 R 



[0 04 1] vl^tr, RfL ^7>-7t — . TP-vis* 

Tyi^yu (ftlx.fi, C a ~C a e Tyu^ryl/) Xt)^ 20 
yU^yl^nz (Ci-CieTM/L') ^(7)^yU7/UtD 

c/^/t-^yu^-n y -^v^yl^^— h^cO^yi^yi^aJE 
t?fc£ 0 bl^P AGi: bTtt, N- [ (^vi^ 

v-2, 3 - v^yUzK^r W ^ KXtfN - [ ( Mi 
xj-n y fvu;*yU/ft ;^yu) ^-^->] - 5 - /yl^yM^V - 
2, 3 - S^J/usK^rW ^ K^Six-B. 
[0 0 4 2] N - J*yU*^yM-3r W * \?7 * h^3§^ 

T*5 9 , «t*^fc-&»*«?HRUJ«WO 9 4/1 0 6 0 

: 

[0 0 4 3] 
Ht5] 



40 



[0044] r^-e, «*JR-=F-tt*— , Z.«Xtt*#» 

2j%mmm&]fmL.. x&Kwm^, -tlx 

H^to«9iC6lf[^t^ : X a Rtt, - C»H 

2 r. -4- 1 , - C n F 2 n 1 ^1 ^1 

Tn = l^P ) 8 1 *y7r-lM, 2 (9 ? 10- 
yxh^ry7yh7t» , - (CH 2 ) ^-ZXtf- 
(CF 2 ) »-Z, ::t*, n = 1^5)4RVl^T\ 
Ztt, -H, Ci-CeT^K X^7t— Wi&m. - 50 



[0 0 4 6] mt\ R a ii, H, T1r5vK T± hT 
^ K\ 1 ^^4<DjK*SrW-r^ryu^/u (m= 1 
3) . N0 2 (m=l^b2) , F (m=l^&5) % 
CI (m=l^e>2) , CF 3 (m=1^2) y£t>*0 
CH 3 (m=l^b2) , RTf*tlb<Dm&& (m = 1 

XXtfYtt, (l) lKJb^^^Dj^&^W-Tar:*: 

^r-#§, **xtt**5a»*»jft-*-s, x» <2) « 

^SftSIXtt (3) m±LVX7km. 7/U*;UXB7!l 
— yK Xfi (4) S'J^^yt-^^yu^-^W ^ K^WSIS 
K*g^$;lx»5, Xtt (5) *°y «Xtt1Hfrli:*&<& 

[0 0 4 7] jfcftW<Dlsi?X hl^ttSffiffl^igbfcEiJ 
cofl^^ hlM8**l^tt, *S«f1?^5. 5 5 8, 
9 7 6-g--ClJH^$;h,fcfc<E> «t 0 

[0 0 4 8] 
[It 7] 

X a RS0 2 — C—Z—R 7 
II 

N 2 

[0 0 4 9] r^T\ XaRIt b < ttffiftJC^ a 

9. R 7 ^, 1/i^l 0O#*JDR^**^*it* % ^ 

^yU/K^y^T'fo-S : 
[0 0 5 0] 

[fbs] 

0S0 2 X a R 



RX a 0 2 S 




OS0 2 X a R 



[0 0 5 1 ] ::t'Rli ±-C£»LA:t*5 9-t?*)S 
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[0 0 5 2] 
[ft 9] 



RXgOSOj 




[0 0 5 3] CL^R 2 2 ft frm. fc KP^r^Xtt 

[0 0 54] 
[ ft 1 0 ] 




[0 0 5 5] r £ -T?R 2 4 /3:<>*R 3 »4Lt** 

[0 0 5 6] 
[ft 1 1 ] 



-S*RScf 



[0 0 5 7] r^-CR"^ iSttl-4^«I 



m 



[0 0 5 8] ~ hD^yy>^7, £ Lfc7i- h^3£ 

EP0717319A1 -S-icBB^^^t^^^tb 

[0 0 5 9] 
[ft 1 2] 



10 



20 



30 



40 




(S)#P*fj 2 0 0 2 - 5 5 4 5 7 (P 2002-55457 A) 

14 



CK 2 0S0 2 RXa 



R 3 R 4 
[0060] w^T% R a , R z RlfR *<D*:ti^tx 

Rett IS^CCFsMNOa^b^W^MJ 
1x5 «t MRXafl ffiS^mm^ttfcM* 
it7y-/K ^1:2, 3^I/4cOfigcoS^£7)vK^ 
y&LKC i~C 4 7^/M^Itftl, Si:ov^5M 
6 0fit^CF 3 , NOzXOfSOaR'^tlKSn 

r :tR ' (iflES^fft^n^C a - a 2 T/U3r/K £ 
[0 0 6 1 ] v^-xyu*>»*fftt, Sfc. &ftm<DUi? 



7 0 8 3 6 8 A 1 f l:^T$n/:{>^T*i)So »frt*5tt 
Kit ft^ia^^rtmS : 

[0 0 6 2] 

[ftl3] 



AH-SO^SO^-RX, 



50 



[0 0 6 3] :ct?, RX.Ii, 
^ctOTj)9, A r 3 figm^tb7hXft#em<7)T y 

— C a -*¥ll*xa:IB-&BlTy— yuS^^f fettSo T 
y^llco^T<DtM^ Li^Mi ttll, Tyu 
=*vl^ ^nT/U3ryV£ % >^ o Tyl^yuS, 7!i~yU 

[0 0 6 4] APy>ffc*>rtytt, 7^- h»H4ft^ 

XJt 1, l-t"7 [p-^DD7x^/U] -2, 2, 
2 - h y ^ a d^.^ 7 (DDT) ; 1 , 1 - tVs [p - 
* h^v^in^yU] - 2, 2, 2 - hil^o dx^? > ; 
1 ? 2 ? 5, 6, 9, 

> ; l ? l 0 - y7'p^7^ > ; 1 , 1 - [ p - ^ 

°D7x^] -2, 2 - y^Dnx.j7y ; 4, 4 — v>* 
^ n a - 2 — ( h y ^ n o ^ ^yu) ^< yXt Ka — yU 
(K e ! thane) ; -^^rU"^ a a is^ ^-/l^y./Uyn 

> ; 2 - * pn - 6 - (Fyyoo^ -Pyu) b° Dis^; 
o , o - v>\=c^vb - o- (3, 5, 6, - M^dd- 
2 - t°y vyu) /t^zfcn^;^ — h ; l , 2. 3 ? 4. 



15 

5, 6. -^f^DD«>^n^^fy ; N (1. 1 - 
fcf -X [ p - ^poVx r^yu] - 2, 2 , 2 - hJi^oo 
:*-5vu) Tir h T ^ K ; h y * [2, 3 - y^n^o 
t:Vu] >f y *>T^ h ; 2 , 2 - [p - ? any 

m^/l/j - 1 , l - i> $ onxf u> ; h y ^ [ h y 9 
uuj^/u^ s - h!)7yy : AW-tixfe^Jlttfr. IS 

Sfc, 3-p y^lSfFttlSf f SO 1 6 4 2 4 
2 3 2 9 7 2^-(cM^$tb^ 0 

[0 0 6 5] ::t\ WSixTi^ J: £jS 

tt^ftfflS^ 7* hSttfk^X^PAC (phot 
oact ive compound) % rfjj,^j(£)j 

[0066] if$m(D7* v bi±mmm^mm& 
mm^L>x'pt£< t hme, 7, 8. 9, 10, 11, 

12, 13, 1 4Xli 1 51i/<- irv hcofiT'ff^Ei- 
1315, 16, 17, 18, 19 3^(i2 0liA- 

l-^h@I^8^10, 11, 12, 13, 1 

4, 3m 1 5it%, afctt^u^ hH»^«ji 1 

ttftttSflt*-* y ir— it^i/^ h^c5>ar*:* 
■f-^o *3BW^u-^ h^W/IBjSfc^tt, »5S^ttu-^ 

[0 0 6 7] 7x/-/U^-^i:LfcIfe\ 
^ ^ /u •> 3 >!fr£\X tt*»fi-& Cio r $ ix» £ tf* 



(9)#P^ 2002-55457 (P2002-55457A) 

16 

fft^A^ffifc^y ^XttBt&^y XO*7K5>ft?, 

Z>ZbfcX%Z> 0 RrfrZtfV ^;i/7xy-yi/^tllSJ 
S*tfc»4bv^#y tr^^^aiy— yuatffitt, ^2, 0 

0 0^^6 0, 0 0 O^Vu h>co^^-a$5fflSrWi" 
10 3 0 

[0 0 6 8] ii*D<OjfFai4»J!B^tt, f^t Ko + *» 

fcWtStiSo *H4#fFl£5, 130, 4 1 
t>*5, 12 8, 2 3 O^-Cfj;, W^^fflMO'7^- hu 

h hM^co y h^77^ y ^*WH4^#*DW«J 

v^^ VUf&m<D&< tt, «#ffi4, 9 6 

8, 581^;I4, 883, 7 4 0^:^4, 81 
0, 6 13^^4, 4 9 1, 6 2 8tM^t^# 
ffttlK*2, 0 0 1, 3 8 4-^^*5^TiS«c^4xfc:t^ 

30 [0 0 6 9] *36W<^»* LlMb**«*i^ffiW>f^ h 

=3 2f?y-^ — <D — O60jf* bi^fi, 

40 [0 0 7 0] 

1 it 1 4 ] 




c = o 



oJr 



17 

[0 0 7 1 ] ^ r T-fc: Kc2=^>/i^te, ^yF ] J^—(D^ 
mzihtzV y # X\±'<^ <n\iLW(&\,^M^z^^Xfc& 
U R ' 1 frt>m 1 8(DmmJ% : r£^-tZ)Wi&X& 

#£Li^R 'ST&£ 0 . R'Stt. ffiEK:, (JiJx.tf, 1 
Ki^o^ry (^{^ F, CI XteB r ) , C * — C 

k \z n m £ n x f £ *° y - * m l t v > y a t ^ ,£ & $ *l 

y — /uw t - y*^~jvT y h^<7)S^ 

y-^ix^/u^#T-C:«^-r5Ci:^T^^ 0 
/d^^^vi^i, gpt>, y KijMicoR ' - O - 

c (=o) - tttttt, mm<owti"( \f^mt vx&z. 

53o »^b<(i. ^y-^-ii, j^l, 5 0 0^^ 
3 0, 0 0 0gdM w £WU ^3J^T^^*^*, J: 
9 L < ^ 2 J£A TO^i^lS 5 T h o „ 

t - :/^vuy ^ y h^J: 5^7/^7^ y u 

#x »ilr^tt#l)l, 5 0 0^6 3 0, OOOSt^Mw 30 

[0 0 7 2] #*0§<DflS*Jt«#^S!l^* V<r>fcrh<0 
»Jo#f £ ^WJB^tt, 7 zc y -/uSt>1^fli7 
= — yu^lffiSr^rb. r. :T^4< £ t>=^y — cot 

LV^LM- tfyufflffitt, *t (CH 3 ) 3COC 
(O) CH 2 - 60 t - y^yUTirx— hS^r^tfT^T- 
— h*. A (CH 3 ) 3 C C (O) O - co t - zf*?^* 
^*>*/UxK=. /l^ (t -Boc) M<D£ otZ^-^r^Xsls^ 

^y ^&^*+*ffc¥lt«#^§g:7* huy^ Mi, 
v'V*Vic:J:5*B#ffl : *5, 2 5 8, 2 5 7fi:i6^ 

[0 0 7 3] *«W^t*i««*^a!7* h Uy^ Mc 

tBgg^O 8 2 9 7 6 6A2^ (Tir — >\,JS L xl>r& — ^ 
8MB) &t/->5/^u— # — <£>3 — O s/y^ffFttlH 

E P 0 7 8 3 1 3 6 A 2 ( 1 ) jx ^ U > ; 2 ) t 



(10)SBB 2002-554 5 7 (P 2 0 0 2 - 5 5 4 5 7 A) 

18 

-f^^Tt y l hXfi t - 37 ^ y 

7vu^r/u7^ y hg£u^ fcrVi^ — jK y -5-- 
^Wtfeco^^y-r— ) JcH*$*bTV^5 0 — ^ 

— IWftt i^W ^/u*«r*-*-SHMB 
[0 0 74] H«W^Xtt^^^#ft«S:$**t^ 

10 ii^^y-^— fi, ^^7^tfyi/7^n — k ^ 
ottTty vm^L ; y /^^^it^^oxn^^ k 

[0 0 7 5] *^PJ60»^ Lt^^SiajlKtttt, @^^co 
[00 7 6] tv^^fSia^fti^ 7jl y_ yl/ 

mmcox 0 temm. ^mm^Rxi^mmwxm^^^i 

-s^o W^5fflj5g^t>^^^«7>ftfflfi, Th a c k e 
r a y «0 3 — d -//^ffUiB^o 1 6 4 2 4 8^&I/ 
0 2 3 2 9 7 2^0*1^15, 1 2 8, 2 3 2 

ft3B«JW^tt, 7>yH^H»f^^ y 
v ^ >\ i/y yu^ y /ujg, ^y/7Yt;y^ 

0 0, 3 0 1M3 0 3^Sp B p4t*7^ y ^?yi/7t^ 
r> y /U^flgfii^-^ M117 0, 1171, 1172 

(7)(SpUT:T^}i^yy7t^ Ktb*>&flE3E£*L. 
^r-<— ^ t LTcHtflgfi. tf— h/U6 0, 6 5M8 0 co 

yvH 1 2 3M1 1 2 5 wfflo p p^ST-flg3c$ixTt^ 0 
[0 0 7 7] jfc%£m<07* V Isis* htt, ^7t, ffico^ 

[0 0 7 8] **I3C0*FS LWtfficO^oSOte, gs*D$ 



19 

(TBAH) , #CTB AHfLKt£XfjiI^J£co e t: 9* 
T. #!ii^t,ioii^tyhT*ftffl$lx, J:9A§^ 

(O/y^^^^M^- F£ ; H/n 

/K 2- - 2 - (4 - t Kd^ 

77x^)^/^14^7 V —JUT $ 0 
[0 0 7 9] &mm<D Uy7 hCDffiffis^ 

[0 0 8 0] -*^W<ou*J* htt, 7* h l/'^ hj5£5> 

y y f/ux- tvi^o^ y =1— yu ; ?L 

h^oiroyy^x^f^; hyi^v^m^v' i^v^co 
^Si&^Htszk^ ; 3£tey< ^vl^jx^vt^r u^3f 
-y-/>-&t>*2 -^yyf^hy»5 0 Ai^fc 

[0 0 8 1 ] -7* v hfi, A^W^fi^ t°y^- 
x-r^^^ct 0»#=-f-f LtSftH 

itsn, sisiarBKfcA. feif8o c c^f)i 6 o°c 

»LT***Jt,, SttfbSfcW^T^^- h^^SIU 

ffi*^B*»^<— ^ Six* -ttt^b 

Wo 

[0 0 8 2] *»Uy7> h*!6^J$iX, ADX^tt^ 
^t^teTyU-^ ~ £ A - 7/U^ — r 7^Sk c fk^^'-f ^px U 



(11)^2 0 0 2-5 5 4 5 7 (P 2 002 — 554 5 7 A) 

20 

[0 0 8 3] $bb7^ ^^u^&tMilco^^ s/ h'^yu 

io [ o o s 4 ] m&^—^j y^i/^ hM/SW*. 

[0 0 8 5] B3fc^^^f— tt, Xi», Ix-t-A, 

u. v. (ip*>, euv) . s(*>t?—j*tk$tm~efoy 

f#£ D EUVH -«l:iO-2 0nm©iSfi*Wt5 
t^tLtg»*lxSo X*HJt#tt, filnmXf«4 

389§<z>Uv*;x Hi, »a»rfii 6 0 nm*iXliftl 0 

20 [0 0 8 6] 7* h-^*^SrfflLTO«3fe«, 

5 0 , CK±^ittff-e, 3E^*flcfl«jJctt, 10 0H16 

fc*.tfS^»^*P^tft^?tv^^ ht/y> Kz?*^* 

[0087] r r-es-&Lfc^-c^3C»tt#fla^^r * 

[0 0 8 8] 1 — 4 : 7^ h MMSOl 

MMl. **«^7^ hU^Mt 1) 65W 
40 -iry hcol^$^fct Kp^ry^f uy^ji, i5e 

t - 7"f/U7^ y I/- -7- ; 

2) *J (t -^7x^yu) K 

3) r h77Y^7y^xAt Kp^fy KfL^S^, ?L 
50 ir> MIJ!f^E-&$*uS. 



21 

[0 0 8 9] m&Ztl1t\syx hjBAtttt. HMDS! 
ix, 9 0t:icjo^r 6 OfMWJt^** h/u- SSriib 

ty7h^^, o. l ^Dyf^cQ^^f^y 

Sffiy-^-'Mi, -ttobO. 2 6 NTMfckK-ffc^ h 5 
5o 3i<££4x£:Uy — >M iyfi, 1 OOnmflfg 

tej:<fl¥fifc£*x, 7^yx y ^i$^^s^ 

bfc 0 

[0 0 9 0] HKfi&J 2 
&$£tyi(D7j- b is is* M3\ 1) 6 ir>- K<72 

h(D^f i/yf|iSr;i 5 ^-/u/n— t > h<7) t --f*f-)V 
TV D u- hMMSLfrhftZf—rtVT- ; 2) V? ( t - 

-\ y** hftSB^Mfttfy 1 h77W^^[)At K 
d * K?L*Jft<0»fi*Sri!p|C IT 8 fifiy t? >- h 

[0 0 9 1 ] ffi-g^tlfc h HMD 

iX, 9 0 C C(^^V^T 6 OtMBKffi* y h/l/- hS:IL 30 

ty7H-^$n 4 o. i ^ ^ a ^i¥^co^— t 1 ^ >- 

y ^7^f^y^SM5 0 
[0 0 9 2] UttfliJ 3 
&%£m<D7* h U-v^ htt, 1) 6 5-^A^— ir> h<D 40 

h^f i/>¥fi^c/2 0^eyi"<— irv h<£> t - :/^vu 
Ty* y hW&45*-#!l-r- ; 2) ( t - 



^2 0 0 2-5 5 4 5 7 ( P 2 0 0 2 - 5 5 4 5 7 A) 

22 

^vi^/i^*^— h hg??§£3'J ; ^ h77' 

fyury^nAt Kn^y KfL^S&fL^^yujgjfflE* 

— . 7* hffigg^JXt^ h7^7y^?At K 
c^rv ^**0>l8«**»pfc bT 8 fift^°-ir V h 
bfc 0 l/y'^Hl. 12. 5lt^-ty h 

[0 0 9 3] Ifi^^iX/t U>>^ h^/S^ii, HMDSI 

Jx, 9 0 c Cidjo^T6 OfMBBE^fcy h^W — hSriib 
Ty7h^ ? 0. 4 ^ y~ o >j5^(7)^— ^ > 

*y*£riIbT^l 5 nm<7)iI^t5EUVMiT 

itTfe^^x^o iiTt^ixyh^— ^-f >^mn, 1 1 o c c~e 

^M^-^^ix5 0 8MSy*^— ^tt, -f:;»xa>e>0. 2 
6 N7k&7kmt7- h 7 y^uT y t« § 
*x. ^*—i?4t^tfbfttcisi?xbm&%Lt£Ll,* tVT 
i/y-7>fy-y^Sftt§ 0 &¥£W<D7* h Uiyj* h 
ft. 1) 7 2^eyu^— -irv h ^S^^^xfc fc Kp*V^ 
^ uvj^fi, 8 ^e/u/N— t v h<£>y^ i/y#ffiRtf2 o 
^e/^N— ir> h<o t - y^^r^ y hifM£/^<b^5 
* — TKy^r— ; 2) i? (t - y^yu^^^yu) a— 
^t/uh- h y ^/u^-n * t^X;U^^- hco^^- h 
S?«4fe»J ; Xt>*3) "r V 7 7'f/ury^^At Kp ^riy 

5iiA--ty hH^TE-^Six-So 
[0 0 9 4] ffi-^^ix^Uv?^ hffi^^fi, HMDSI 
^ITT'I ^ $ix/c^> y 3yr> x -/N^^t°y=i- h£ 
ix, 9 0°C^*5^T6 0»BS$**y ^u- h Srii b 
ty7F^^$ix, 0. 1 ^ ^ a >|f!$COn^^^ > 

1t=*— J r4is? f m&* 1 1 0 c CTIf7t^-<-^ £;ix5 0 
feffi^^i — -^tt^e>0. 2 6 NTKtfck^Kfc^ h7 

y^yUT>*=.A«K-e«1.3a$4x, ^<5ttbix^i 

[0 0 9 5] *3BW^tt*!r^1B«tt, fi^ix^O^T 



<13)SfBB2 002-55 4 57 (P 2 0 0 2-5 5 4 5 7 A) 

(71)fcBKA 596156668 <72)*W# vUX • T — /!✓ • xX-r^y 

455 Forest Street, Ma Tt« U *-&*S^*f a— fe y ^Jfl01581, 

rl borough, MA 01752 U. ^x^ h^D, ^D^^y . T^^n. — ■ 

S. A 4 

F^ — 2H025 AA01 AA02 AB16 AC05 AC06 

AC07 AD03 BE00 BE04 BE07 
BE08 BGOO FA03 FA 12 FA 17 



(Wm 2002-55457 (P 2 0 0 2-5 5 4 5 7 A) 

1 Title of Invention 

PHOTORESISTS FOR IMAGING WITH HIGH ENERGY RADIATION 

-24- 

2 Claims 

1 . A method for forming a photoresist relief image on a substrate 
comprising: 

(a) applying a coating layer of a chemically-amplified positive photoresist 
composition on a substrate* the photoresist composition comprising a resin and one or 
more photo acid generator compounds, wherein the one or more photoacid generator 
compounds are present in a concentration of at least about 5 weight percent based on 
weight of total solids of the photoresist composition; 

(b) exposing the photoresist coating layer to radiation having a wavelength 
of less than about 160 nm, or electron beam or ion beam radiation. 

2. A method for forming a photoresist rolief image on a substrate 
comprising: • 

(a) applying a coating layer of a chemically-amplified positive photoresist 
composition on a substrate, the photoresist composition comprising a phenolic resin 
and one or more photoacid generator compounds, the resin comprising at least three 
distinct repeat units; 

(b) exposing the photoresist coating layer to radiation having a wavelength 
of less than about 160 nm, or eiectron beam or ion beam radiation. 

3. The method of claim 2 wherein the one or' more photoacid generator 
compounds are present in a concentration of at least about 5 weight percent based on 
weight of total solids of the photoresist composition 

4. The method of any one of claims 1 through 3 wherein the photoresist 
coating layer is exposed to EUV radiation. 



5. The method of sny one of claims 1 through 3 wherein the photoresist 
coating layer Is exposed to electron beam or ion beam radiation. 
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6. The method of any one of claims 1 through 3 wherein the photoresist 
coaling layer is exposed to x-ray radiation, 

7. The method of any one of claims 1 through 6 wherein the one or more 
photoacid generator compounds axe present in a concentration of at least about 6 
weight percent based on weight of total solids of the photoresist composition. 

8. The method of any one of claims 1 through 6 whetein the one or more 
photoacid generator compounds are present in a concentration of at least about 8, 9 or 
10 weight percent based on weight of total solids of the photoresist composition. 

9. The method of any one of claims t through 8 wherein the one ox more 
photoacid generator compounds are present in a concentration up to about 12 weight 
percent based on weight of total solids of the photoresist composition. 

1 0. The method of any one claims 1 through 6 wherein the one or more 
photoacid generator compounds are present in a concentration of from about 10 to 
about 15 weight percent of total solids of the photoresist composition. 

11. The method of any one of claims 1 through 10 wherein the one or 
more photoacid generator compounds are ionic compounds, 

12. The method of any one of claims 1 through 10 wherein the one or 
more photoacid generator compounds are non-ionic compounds. 

13. The method of any one of claims 1 through 10 wherein the one or more 
photoacid generator compounds are cnium compounds, imidosulfonate compounds, 
N-sulfonyloxyimide compounds, sulfonate ester compounds, nitrobenzyl compounds, 
disulfone compounds, and/or halogenated non-ionic compounds, or mixtures thereof. 



(16)*BB 2002-55457 (P 2 0 0 2-5 5 4 5 7 A) 
-26- 

14. The method of any one of claims 1 through 10 wherein the one or 
more photoacid generator compounds produce a halo-alkyi sulfonic acid upon 
exposure to activating radiation. 

15. The method of any one of claims 1 through 10 wherein the one or more 
photo acid generator compounds produce a pcr-fluoro sulfonic acid upon exposure to 
activating radiation. 

16. The method of any one of claims 1 through 15 wherein the resin 
comprises a polymer that contains phenolic units. 

17. The method of any one of claims 1 through 1 5 wherein the resin 
comprises a polymer that contains phenolic and photoacid-labile alky! acrylate units. 

1 8. The method of any one of claims \ through 1 5 wherein the resin 
comprises a polymer that contains 1) phenolic units, 2) phenyl units, and 3) 
photoacid-labile alkyl acrylate units. 

19. The method of any one of claims 1 through 18 wherein the resin 
comprises a polymer that contains acetal, kctal or ortho ester groups. 

20. A chemically-amplified positive photoresist composition comprising a 
resin and one or more photoacid generator compounds, wherein the one or more 
photoacid generator compounds are present in a concentration of at least about or 
greater than 5 weight percent based on weight of total solids of the photoresist 
composition, and the photoresist imageablc with radiation having a wavelength of less 
than 100 nra, or electron beam or ion beam radiation. 
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21 . A chemically-amplified positive photoresist composition on a 
substrate, the photoresist composition comprising a phenolic resin and one or more 
photo acid generator compounds, the resin comprising al least three distinct repeat 
units, the photoresist coating layer exhibiting, upon exposure to radiation having a 
wavelength of less than about L60 nm, or electron beam or ion beam radiation, 
enhanced photoacid generation efficiency as determined by Dill C-Paramcter method 
to polymer containing solely phenolic and aery late repeat units. 

22. The photoresist of claim 2 L wherein the one or more photoacid 
generator compounds are present in a concentration of at least about 5 weight percent 

23. The photoresist of claims 20 or 21 wherein the one or more photoacid 
generator compounds arc present in a concentration of at least about 8 weight percent 
based on weight of total solids of the photoresist composition. 

24. The photoresist of claims 20 or 21 wherein the one or more photoacid 
generator compounds are present in a concentration of at least about 10 percent based 
on weight of total solids of the photoresist composition. 

25. The photoresist of claims 20 or 2i wherein the one or more photoacid 
generator compounds arc present In a concentration of no more than about 12 percent 
based on weight of total solids of the photoresist composition. 

26. The photoresist of claims 20 or 21 wherein the one or more photoacid 
generator compounds are present in a concentration of from about 10 to about 15 
weight percent of total soJids of the photoresist composition. 

27. The photoresist of any one of claims 20 through 26 wherein the one or 
more photoacid generator compounds are ionic compounds. 

28. The photoresist of any one of claims 20 through 27 wherein the one or 
more photoacid generator compounds are non-ionic compounds. 
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29. The photoresist of any one of claims 20 through 26 wherein the one or 
more photo acid generator compounds are oniuxn compounds, imidosulfb irate 
compounds, N-sulfonyloxyimidc compounds, sulfonate ester compounds, nitrobenzyl 
compounds* disulfone compounds, and/or halogenated non-ionic compounds, or 
mixtures thereof! 

30. The photoresist of any one of claims 20 through 29 wherein the one or 
more photoacid generator compounds produce a halo-alky! sulfonic acid upon 
exposure to activating radiation. 

3 1 . The photoresist of any one of claims 20 through 29 wherein the one or 
more photoacid generator compounds produce a per-fluoro sulfonic acid upon 
exposure to activating radiation. 

32. The photoresist of any one of claims 20 through 3 1 wherein the resin 
comprises a polymer that contains phenolic units. 

33. The photoresist of any one of claims 20 through 3 1 wherein the resin 
comprises a polymer that contains phenolic and photoacid-labile aflcyl acrylate units, 

34. The photoresist of any one o f claims 20 through 3 1 wherein the resin 
comprises a polymer that contains 1) phenolic units, 2) phenyl units, and 3) 
photoacid-labile alkyl acrylate units. 

35 . The photoresist of any one of claims 20 through 34 wherein the resin 
comprises a polymer that contains aeetal. ketal orortho ester groups. 

36. A negative photoresist composition comprising a resin and one or more 
photoacid generator compounds, wherein the one or more photoacid generator 
compounds are present in a concentration of at least about 5 weight percent based on 
weight of total solids of the photoresist composition, and the photoresist is imageable 
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with radiation having a wavelength of less than about 160 nm, or electron beam or ion 
beam radiation. 

37. The photoresist of claim 36 wherein the one or more photcacid 
generator compounds are present in a concentration of at least about 6. 7, 8, 9, 10, 11 
or 12 weight percent based on weight of total solids of the photoresist composition. 

38. An article of manufacture comprising as substrate having coated 
thereon a photoresist composition of any one of claims 20 through 37 . 

39. The article of claim 38 wherein the substrate is a microelectronic wafer 
substrate. 



4a The article of claim 38 or 39 wherein the photoresist coating has been 
imaged with radiation having a wavelength of less than about 160 mm or electron 
beam or ion beam radiation. 
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3 Detailed Description of Invention 

BACKGROUND OF THE INVENTION 
- L. Field of Che Invention 

This invention relates to photoresists useful for imaging with high energy 
radiation sources, such as EUV, electron beam, ion beam and x-ray radiation. Resists 
of the invention can exhibit enhanced sensitivity and resolution upon such high 
energy imaging. Preferred resists of the invention can be characterized in part as 
having a high concentration of photoacid generator compound(s) relative to other 
resist components. 

2. Background 

Photoresists are photosensitive films for transfer of images to a substrate. 
They form negative or positive images. After coating a photoresist on a substrate, the 
coating is exposed through a patterned photomask to a source of activating energy 
such as ultraviolet light to form a latent image in the photoresist coating. The 
photomask has areas opaque and transparent to activating radiation that define an 
image desired to he transferred to the underlying substrate. A relief image is provided 
by development of the latent image pattern in the resist coating. The use of 
photoresists is generally described, for example, by Deforest, Photoresist Materials 
and Processes, McGraw Hill Book Company, New York (1975), and by Moreau, 
Semiconductor Lithography, Principals, Practices and Materials, Plenum Press, New 
York (198S). 

Known photoresists can provide features having resolution and size sufficient 
fgr many existing commercial applicancns. However for many other applications, 
tho need exists for new photoresists that can provide highly resolved images of 
submicron dimension. The electronics industry constantly demands means to 
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produce ever-smaller dimension circuit patterns, e.g. to provide greater circuit 
density and enhanced device performance. 

Consequently, interest has increased in photoresists that can bs photoimaged 
with increasingly shorter wavelength radiation. For example, exposure with 193 
nm (provided by an ArF exposure tool) can provide significantly enhanced 
resolution of small features, such as resist lines and spaces having a width of about 
0.2 microns or less. 

Even shorter wavelength (higher energy) radiation offers the potential for 
forming even smaller, resolved resist images. Far instance, exposure with EUV 
(extreme ultraviolet), electron beam, km beam and X-ray radiation offers the 
potential for forming extremely small, highly resolved resists images, which in turn 
can enable manufacture of microelectronic devices of higher circuit density and 
enhanced performance. 

However t current resist compositions are typically not well-suited for such 
high energy exposure, i.e. those current resist materials do not provide acceptable 
liihographic performance upon exposure to high energy sources of EUV, electron 
beam, ion beam or X-ray, 

It thus would be desirable to have photoresist compositions that could provide 
well resolved, small dimensions features. It would be particularly desirable to have 
photoresist compositions that could be effectively imaged with high energy radiation 
sources such as EUV, electron beam, ion beam and x-ray. 

SUMMARY OF THE INVENTION 

We have now discovered new photoresist compositions that can be effectively 
imaged with high energy radiation, including EUV, electron beam and/or x-ray. 
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In a first aspect of the invention, photoresists of the invention can be 
characterized in part as having a high concentration of one or more photoacid 
generator compounds relative to the concentration of all other solid (i.e. all 
components except solvent carrier) components of the resist 

We surprisingly found that use of significantly increased levels of photoacid 
generator corapound(s) can provide notably enhanced resolution of a resist image 
produced by exposure to high energy radiation e.g. radiation having a wavelength of 
less than about 160 run, or more typically less than about 100 nm or radiatioa 
otherwise of high energy, such as EUV, electron beam, ion beam or x-ray. 

For instance, we have found that resists that have a PAG concentration of 
greater than about 5 weight percent based on weight of total solids of a resist 
composition, more preferably a PAG concentration of at least about 6, 7„ 8, 9, 10, 1 1, 
12, 13, 14 or 15 weight percent based on weight of total solids of a resist composition, 
can be imaged with high radiation energy such as EUV, electron beam, ion beam or x- 
ray and produce dramatically enhanced resolved resist features, including features 
with reduced line edge roughness. Particularly preferred resists of the invention have 
a PAG concentration of from about 8 to 12 weight percent based on weJght of total 
solids of the resist composition. 

At lower energy exposures such as 193 nm or 24S nm, such high PAG 
concentrations would result in excessive PAG absorption and hence would be 
unacceptable. Accordingly, use of high PAG concentrations in accordance with the 
present invention is counterintuitive to conventional practice and provides clearly 
unexpected results. 

In a further aspect of the invention, chemically-amplified positive-acting 
photoresists are provided that exhibit enhanced photoacid generation efficiency upon 
high energy exposures relative to prior copolymer resists, such as a prior resist that 
contains a deblocking resin that consists of repeat units of phenolic and alkyl aery late 
units, Resins that are preferred for imparting such enhanced photogeneration 
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efficicncy are terpolymers (i.e. tec distinct repeat units) or other higher order (Lc. 
four or more distinct repeat units) polymers that comprise phenolic repeat units, 
preferably repeat units of the following three types: i) phenol units, ii) phenyl units 
that do not contain hydroxy ring substituents, and in) photo-acid labile units, 
particularly alkyl acrylate {which include alky! melhacrylate) units such as t-butyl 
acrylate. 

We have unexpectedly found that resists mat contain such phenolic 
terpolymers or other higher order resins'can be highly sensitive (increased efficiency 
of photoacid generation) upon exposure to high energy radiation, e.g. radiation having 
a wavelength of less than about 160 nm, or more typically less than about 100 am, or 
radiation otherwise of high energy, such as EUV, electron beam, ion beam or x-ray. 

The increased efficiency of photoacid generation of such resists can be 
dramatic in comparison to the photoacid generation achieved using a lower energy 
radiation source such as 248 ran imaging radiatioo.*5uch efficiency of acid generation 
can be determined by any of a variety of methods, kg. the Dili C -Parameter base 
titration method, or fluorescence and absorption methods. 

As used herein, the term Dill C-Parameter means a first-order rate constant 
which is a measure of the rate at which photoacid is generated in a photoresist as a 
fiinctaon of exposure. The Dill C-Parameter can be determined for a particular resist 
by preparing a plurality of resists, e,g. 3 to 6 resists, that are otherwise identical but 
contain 0 to 1 0 mole % base relative to PAG. The energy required to clear the resist 
after development (Eo) then can be determined. A plot of base concentration vs. 
energy to clear (Eo) yields a straight line. The slope of that line provides the Dill C- 
Parameter in units of reciprocal exposure (e.g. cnv/mJ or cmVuC). 

The invention also include resists that combine both aspects, i.e. resists that 
contain a high relative PAG concentration and a photoacid generating efficiency- 
enhancing phenolic terpolymer polymer or other higher order polymer. Such resist 
systems have provided particularly good lithographic results upon imagewise 
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exposure to high energy radiation, such as radiation having a wavelength of less than 
about 1 60 an, or more typically leas than about 1 00 nm or radiation otherwise of high 
energy, such as EUV, electron beam, ion beam or x-ray. 

Photoresists of the invention, in general comprise a resin component and one or 
niQiephotoaold generator compounds ("PAGs"). 

A wide variery of photoaoid generator compounds maybe used in photoresists 
of the invention, including ionic PAG compounds such as onmm sails, particularly 
sulfbnium and lodotriutn compounds, as well as non-ionic PAG compounds such as 
hnidosulfonates.N-suJfenyloxvimides. sulfonate esters, nltrobcnzyi compounds, 
disulfone compounds, halogenated non-ionic compounds, and melike. Particularly 

preferred PAGs used in resists of the invention generate a halo-aUcyl sulfonic aad 

such as a halo-Q 1<a lkylsulfonio acid upon photoactivaiion, preferably a fhioro-C,. 

lsalky l .oifonio acid, even more preferably a p«fluoroC ws aJkylsulfenic add such as 

triflic acid and foe like. 

Preferred resists of the invention are chemically-amplified positive-acting 
resists, particularly positiv^acting resists which undergo a pbotoacid-promotcd 
deprotection reaction of acid labile groups of one or more composition components to 
render exposed regions ofacoating layer of the resist more soluble in an aqueous 
developer than unexposed regions. Ester groups that contain a tertiary non-cychc 
aUcyl carbon or a tertiary alicyclic carbon covalently linked to the carooxyl oxygen of 
the ester are generally preferred photoacid-labUe groups of resins employed in 
photoresists of the invention. 

As discussed, particularly prcfored positive-acting photoresists of the 
invention contain a high PAG concentration as disclosed herein and a resin that 
contains phenolic units. 

Particularly preferred resins for use in resists of the invention include a 
phenolic resin that contains acid-labile groups that enn provide a chemically arnphSod 
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positive resist particularly suitable for imaging at 248 ml Especially preferred resins 
of this class include polymers that contain polymerized units of a vinyl phenol and an 
alkyl acrylate, where the polymerized alkyl aery I ate units can undergo a deblocking 
reaction in the presence of photoacid. Exemplary alkyl acrylates that can undergo a 
photoacid-induced deblocking reaction include e.g. t-butyl acrylata, t-buryl 
mcrhacrylatc, methyladamantyl aery late, methyl adamantyl methacrytate, and other 
non-cyclic alkyl and alicyclic acrylates that can undergo a photoacid-induced reaction, 
such as polymers in U.S. Patents 6,042,997 and 5,492,793, incorporated herein by 
reference. 

-As discussed, especially preferred are phenolic/acrylate resins for use in resists 
of the invention are tcrpolymers or other higher order polymers that contain 
porymerized units of a vinyl phenol, an optionally substituted vinyl phenyl (e.g. 
styrene) that does not contain a hydroxy or carboxy ring substituent, and an alkyl 
acrylate such as those deblocking groups described above, i.e. t-butyl acrylate, t-butyl 
raethacrylate, methyladamantyl acrylate, methyl adamanty! meth acrylate, and other 
non-cycHc alkyl and alicyclic acrylates . Such terpolymers have been disclosed in 
U.S. Patent 6,042,997, incorporated herein by reference. 

Still further preferred resins for use m resists of the invention contain repeat 
units that comprise an acetal, kctal and/or an ortho-ester moiety that will react with 
photoacid, and preferably Anther comprise optionally aromatic repeal units such as 
phenyl or phenolic groups. 

Generally most preferred resins for use in positive resists of the invention arc 
terpolymers that contain: phenolic units; phenyl units (no hydroxy substituents); 
photoacid-labile alkyl acrylaie (which includes methacrylatc) units, such as polymers 
provided by polymerization of vinyl phenol, styrene and an alkyl acrylate such as t- 
butyl acrylate or t-butyl methacrylaie. Preferred molar ratios of those units include 
from about 55 to about 80 mole percent of phenolic units, from about 10 to about 30 
mole percent phenyl units, and from about 10 to 40 mole percent of alkyl acrylate 
units; more preferably from about 60 to about 75 mole percent of phenolic units, from 
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about 1 5 to 25 mole percent of phenyl units, and from about 15 to 25 mole percent of 
alkyl acrylatc units. 

■ Tie invention also includes negative-acting resists, particularly negative- 
acting chemically amplified photoresists, i.e. negative-acting resist compositions 
which undergo a photoacid-promoted crosslinkmg reaction to reader exposed regions 
of a coaling layer of the resist less developer soluble than unexposed regions. These 
resists also comprise a high PAG concentration as discussed above. 

Resists of the invention may compriae a single type of PAG compound, or a 
mixture of distinct PAGs, typically a mixture of 2 or 3 different PAGs. more typically 
a mixture that consists of a total of 2 distinct PAGs. Photoresists that contain such 
PAG mixtures potentially can exhibit even further enhanced lithographic 
performance. 

The invention also provide methods for forming relief images of the 
photoresiats of the invention, including methods for forming highly resolved patterned 
photoresist images (e.g. a patterned line having essentially vertical sidewalls) of sub- 
quarter micron dimensions or less, such as sub^O.2 or sub-0.1 micron dimensions. 

The invention further provides articles of manufacture comprising substrates 
such as a microelectronic wafer or a flat panel display substrate having coated thereon 
the photoresists and relief images of the invention. Other aspects of the invention are 
disclosed infra. 

DETAILED DESCRIPTION OF THE INVENTION 

As discussed above, twists of the invention may contains a variety of types of 
PAGs. In a first aspect of the invention, the one or more PAGs are present in relative 
high concentration as disclosed herein. 
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Onium salts are generally preferred PAGs for us© in accordance with the 
invention. Examples of suitable oirium salts inoludc for example, halonium salts, 
quaternary ammoniutn, phosphonium and arsonium salts, aromatic sulfoiuum salts 
and sulfoxonium salts or selenium salts. Onium salts have been described in the 
literature such as in U-S. Patents 4,442,197; 4,603401; and 4,624,912. 



Generally preferred onium salts include iodonium salt photoacid generators, 
such as those compounds disclosed in published European application 0 708 368 Al. 
Such salts include those represented by the following formula: 

RSO? 

where Ar l and Ar 2 each independently represents a substituted or unsubstitnted aryl 
group. A preferred example of the aryl group includes a Cm monocyclic or a 
condensed ring aryl group such as phenyl or naphthyl. Preferred examples of the 
substituent on the aryl group include an alkyl group, a haloalkyl group, a cycloalkyl 
group, an aryl group, an alkoxy group, a nitro group, a caxboxyl group, an 
alkoxycarbonyl group, a hydroxyl group, mercapto group, and a halogen atom. 





Such compounds can be prepared os disclosed in European Patent Application 
961 1 81 1 1 2 (publication number 0783 136), which details the synthesis of above PAG 
I. 
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Also suitable arc the above two iodonium compounds I and 2 completed with 
anions other than the above-depicted carophoi^fonale groups. Li particular, 
preferred anions include those of the formula RS<V where R is adarnantane, alkyt 
(e.g. Cm alkyl) and pcrftuoroalkyl such as perfluoro (C l42 alkyi), particularly 
perfluoro counter anions of pcrfluorooctanesulfonate, pcrfluorDnonanesulfonate and 
the like. 

Sulfbnium salts ere particularly suitable ionic photoarid generators for resists 
of the invention, such as compounds of the following formula: 

\ 

~ • RSCh* 



wherein R 5 , R' and R J each independently represents a substituted or 
unsubstituted alkyl group or aryl group such as phenyl. With regard to each of tho 
above formulae, preferred examples of the substituted orunsubstiOrted alkyl group 
and aryl group include a C W4 aryl group, a C M alkyl group, and substituted 
derivatives thereof. Preferred examples of the substituent on the alkyl group include a 
C v , alkoxy group, a C M alkyl group, nitro group, carboxyl group, bydroxyl group, and 
a halogen atom. Preferred examples of the substituent on the aryl group include a C M 
alkoxy group, carboxyl group, an alkoxycarbonyl group, a C (J1 haloalkyl group, a C M 
cycloalkyl group and a C M alkylthio group. Two of R» R* and R J may be connected 
to each other via its single bond or a substitucnt. 

Additional preferred photoacid generators for use in resists of the invention 
include hnidosulfonates such as compounds of the following formula: 




o 
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wherein R is camphor, adainantane, alkyl (eg. C M6 alkyl) and perfluoroalkyl such 
as perfluoro(C M6 alkyl), particularly perfluoro groups of perfiuorooctancsulfonate, 
perfhiorononanesulfonate and the like. Specifically preferred PAGs include N- 
[(petflucrooctaaesulfonyljoxy^ and N- 

[(trifmmomemylsulmnyl)oxy]-5-n^^ 

N-sulmnyloxyimide photoacid generators also are suitable for use in resist 
compositions of the invention, Including those N-suIfonyloxyimides disclosed in 
International application WO94/1060S, such as compounds of the following formula: 




where the carbon atoms form a two carbon structure having a single, double or 
aromatic bond; or, alternatively, wherein they form a three carbon structure, that is, 
where the ring is instead a five member or six member ring; XaR is -C^Hj.h where n*= 
1 to 8, -C^, where n*l to 8, a camphor substitute -2(9,10-diethoxyarithracene), - 
(CHjVZ or -{CFJ % <.Z where n=l to 4 and where Z is H, alkyl, a camphor 
substituent. ^-(^lO-dicthoxyanthracene, or aryl such as phenyl; X and Y (1) form a 
cyclic or polycycJic ring which may contain one or more hetero atoms, or (2) form a 
fused aromatic ring, or (3) maybe independently hydrogen, alkyl or aryl, or (4) may 
be attached to another suJfonyloxyirnidc staining residue, or (5) may be attached to 
a polymer chain or backbone, or alternatively, form 




where R, is selected the group consisting of H, acetyl, acctamido, alkyl having 1 
to 4 carbons where m - t to 3, NO, where m=-l to 2, F where m « 1 to 5, CI where m= 
I to 2, CF 3 where m~l to X and OCH, where m = I to 2, and where m may otherwise 
be from 1 to 5, and combinations thereof; and where X and Y (1) form a cyclic or 
polycyclic ring which may contain one or more hetero atoms. (2) form a fused 
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aromatic ring, (3) may be independently H, ftlkyl or aryl, (4) may be attached to 
another sulfanyloxyimidc containing residua, or (5) may be attached to a polymeric 
chain or backbone. 

Another class of photoacid generators suitable for use in resists of the 
invention include diazosulfonyt PAGs such as those disclosed in U.S. Patent No. 
5,558,976. Representative examples of these photoacid generators include: 

N 2 

where XaR suitably is phenyl optionally substituted by halogen, C w alkyU 

alkoxy, or C w haloalkyl, R 7 is a straight-chain, branched or cyclic aUcyt group having 

from 1 to 10 carbou atoms and Z is a sulfbnyl group or a carbonyl group: 



OSOsXaR 



Rx a c^so4\^hoso 2 x a R 

where Kb as defined above; and 




R v=v X3SOsRXa 



o 

where R a is hydrogen, hydroxy! or a group represented by the formula XfiSOfi- 
where XoR is as defined above, and R M is a straight or branched alky] group having 
from I to 5 carbon atoms or a group represented by the formula: 




R 

where R u and R 30 are independently a hydrogen atom, a halogen atom, a straight 
chain or branched alkyl group having 1-5 carbon atoms, a straight chain or branched 
alkoxy group having 1-5 carbon atoms, or a group of the formula: 
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where each R u is independently a straight chain or branched alkyl group having 1-4^ 
carbon atoms, a phenyl group, a substituted phenyl group oranarulkyl group; andR" 
is a hydrogen atom, a halogen atom or a straight-chain, branched or cyclie alkyl group 
having 1-6 carbon atoms. 

Nitrobenzyl-based photoacid generators may also be employed as a PAG 
components of resists of the Invention, including those disclosed in EPO published 
application No. EP 0 717 319 Al. Suitable nitrobenzyl-based compounds include 
those of the following formula: 



-CK 2 OSOa RXa 




o 



/ 

Rs 



where each R,, K, and R, are individually selected fiom the group consisting of 
hydmgea and lower alkyl group having from 1-4 carbon atoms; and R» and R» are 
individually selected fiom the group consisting of CP, and NO, and RX. is optionally 
substituted earbocycUc aryl, particularly optionally substituted phenyl such as phenyl 
where the 2, 3, and 4 position substituents are selected fiom hydrogen and C M alkyl 
and where the 5 and 6 ring positions arc selected fiom CF„ NO, and S03R* where R* 
of optionally substituted C,.„ alkyl or aryl such as phenyl wber* such optional 
substituents may be C M alkyl, C w alkoxy. NO, or CF,. 

Disulfonc derivatives are also suitable photoacid generators for use in resists 
of the invention. Suitable compounds are disclosed e.g.' in published European 
application 0 708 368 Al . Such materials may be represented by the followmg 
formula; 
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Aj'-SO.-SO.-RX, 



Wherein EX. is preferably as defined immediately above and Ai> represents a 
substituted or unsubstituted aryl group. A preferred example of the aryl group 
includes a Q.„ monocyclic or condensed-ring aryl group. Preferred examples of the 
substitucnt on the aryl group include an alkyl group, a haloalkyl group, a eycloalkyl 
group, an aryl group, an alkoxy group, mtro group, carboxyl group, an alkoxycamonyl 
group, hydroxyl group, mercapto group, and halogen. 

Halogenaied non-ionic, photoacid generating compounds are also suitable for 
use in resists of the invention and include, for example, l.l-bis[p-cMorophenyi]-2,2,2- 
triehIoroetbane(DDT); l.l-bis[p-oemoxyphenyi]-2,2^-trichloroethane; 1A5A9.10- 
hexabromocyclodecanc: l.lO-dibromodccane; l.l-bis[p-chlorophenyl]-2> 
dichloreethane; 4.4-dichloTO-2-(trlchloromeihyDbenzhydrol (Kelthane); 
bexachlorodimethyl sulfbne; 2-chloro-6-(mchloromethyI) pyridine; c.o^irfhyU- 
(3^,6^cMore-2-pyridyl)phosphorothion^ e ;l^^,4.5,6-hc^orecydob^e ; 

N(l,l-bis[p-chloropheiryl>2^>mchlorocthy0acetanude; tris[2,3- 
dibremopropyllisocyanurate; 2,2-btstp^orepbenyl]-! .lwlicbiorocthylenc; 
tri 5 [trichloromemyl] S -triazme; and their isomers, analogs, homology and residual 
compounds. Suitable photoacid generate* are also disclosed in European Patent 
Application Nos. 0164248 and 023297Z 

As referred to herein, the term "photoacid generator compound" is used in 
accordance with Us art-recognized meaning and does not include photoactive 
compounds or "PACs". particularly ^naphthoquinone compounds, as have been 
employed in "conventional" (i.e. not chemically-amplified) positive-acting resists. As 
is recognized to those in the art, such "conventional" psotive photoresists do not 
involve a deblocking reaction of a separate resin or separate dissolution inhibitor 
component to pmmote solubility differences between exposed and non-exposed areas 
of the resist coating layer. 
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The photoresists of the invention typically comprise a resin component and 
one or more photoacid generator compounds, wherein the photoacid generator 
compound(s) are present in relatively high concentration. Preferably, the photoacid 
generator compound^) will be present m an amount of at least 5 weight percent based 
on total solids of a resist composition, more typically at least about 6, 7, 8, 9, 10, 1 1, 
12, 13, 14 or 15 weight percent, based on total solids of a resist composition. It is 
generally not necessary to employ the photoacid generator ccmpound(s) in an amount 
of greater than about 15. 16, 17, 18, 1° or 20 weight percent total solids of a resist 
composition. Particularly good lithographic results have been achieved where the 
photoacid generator compound(s) are present in amount of from about 8 to about 10, 
1 1, 12, 13, 14 or 15 weight percent of total resist solids, or from about 1 1 to about 15 
weight percent of total resist solids. As referred to herein, the term "total solids" 
refers to all resist components except the liquid solvent carrier. 

The resin component of resists of the invention suitably has functional groups 
mat impart alkaline aqueous developability to the resist composition. For example, 
preferred are resin binders that comprise polar functional groups such as hydroxyl or 
carboxylate. Preferably the resin binder is used in a resist composition in an amount 
sufficient to render the resist developable with an aqueous alkaline solution. 

Phenolic-based resins are particularly suitable for resists of the invention. 
Preferred phenolic resins are poly (vinylphenols) which may be formed by block 
polymerization, emulsion polymerization or solution polymerization of the 
corresponding monomers in the presence of a catalyst Vinylpbenols useful for the 
production ofpolyvinyl phenol resins may be prepared, for example, by hydrolysis oi 
commercially available coumarm or substituted cwumarin, followed by 
decarboxylation of the resulting hydroxy cinnamic acids. Useful vinylphenols may 
also be prepared by dehydration of the corresponding hydroxy alkyl phenols or by 
decarboxylation of hydroxy cinnamic acids resulting from the reaction of substituted 
or nonsubstituted hydroxybenzaldehydes with malonic acid. Preferred 
polyvinyJphenol resins prepared from such vinylphenols have n molecular weight 
range of from about 2,000 to about 60,000 daltons. 
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Additional suitable resins include those formed from bishydroxymethylatcd 
compounds, and block novolak resins. See U.S. Patents Nos, 5,130,410and 
5,128,230 where such resins and use of same in photoresist compositions is disclosed. 
Additionally, two or more resin binders of similar or different compositions can be 
blended or combined together to give additive control of lithographic properties of a 
photoresist composition. For instance, blends of resins can be used to adjust 
photospeed and thermal properties and to control dissolution behavior of a resist in a 
developer. 

As discussed, preferred are chemically amplified positive-acting resist A 
number of such resist compositions have been described, e,g^ in U.S. Patents Nos. 
4,968,581; 4,883.740; 4,810,613 and 4,491,628 and Canadian Patent Application 
2,001,384, all of which are incorporated herein by reference for their teaching of 
making and using chemically amplified positive-acting resists. , 



Preferred chemically-amplified positive photoresist of the inventions comprise 
one or more pbotoacid generator compound in relative high concentration and a resin 
binder that comprises a copolymer containing both phenolic and non-phenolic units. 
For example, one preferred group of such copolymers has acid labile groups 
substantially, essentially or completely only on rton-phenoiio units of the copolymer, 
particularly alkylacrylate photoacid-labile groups, i.e. a phenolic-aDcyl acrylatc 
copolymer. One especially preferred copolymer binder has repeating units x and y of 
the following formula; 



W — hr+ 




c ~o 



O) 
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wherein the hydroxyl group be present at cither the mcta or para positions 
throughout the copolymer, and R' is substituted or substituted alky 1 having 1 to 
.bout 18 carbon atoms, more typically 1 to about 6 to 8 carbon atoms. TW-butyl * a 
generally preferred R' group. AnR' group may be optionally substituted by e.g. one 
or more halogen (particularly F, CI or Br), C M alkoxy, alkcnyU etc. The umts x 
and y may be regularly alternating in the copolymer, or may be randomly mtersporsed 
through the polymer. Such copolymers can bo readily formed. For example, for 
nsins of the above formula, vinyl phenols and a substituted orunsubstituted allcyl 
acrylate such as ,-butylacrylate and the likemay be condensed under tree radical 
conditions as known in the art. The substituted ester moiety, Lo. R'-0-C(=OH moiety 
of the acrylate units serves as the acid labile groups of the resin and will undergo 
photoacid induced cleavage upon exposure of a coating layer of a photoresist 
containing theresin. Preferably the copolymer will have a M. of from about 1.500 to 
about 30,000, with a molecular weight distribution of about 3 or less, more preferably 
a molecular weight distribution of about 2 or less. Non-phenolic resins, e.g. a 
copolymer of an alkyl aery late such as r-butylacrylate or t^utytaiethacryiate and a 
vinyl alicyclic such as a vinyl uorbomanyl or vinyl oyclohexanol compound, also may 
be used as a resin binder in compositions of the invention. Such copolymers also may 
be prepared by such free radical polymerization or other known procedures and 
suitably will have aM. of from about 1,500 to about 30.000. and a molecular weight 
distribution of about 3 or less. • 

Another preferred ream component for a positive chemically amplified resist 
of the invention has phenolic and nonaromatic cyclic alcoho! units, wherein at least of 
portion of the hydroxyl groups of the copolymer are bonded to acid labile groups. 
Preferred acid labile moieties are acetate groups including r-butyl acetate groups of 
the formula (CH^COC^CH,-. oxycarbony. groups such as r-butyl oxycarbonyl (t- 
Boc) groups of the formula (0^0(0)0-; and acetal and ketals. Chemically 
anxpufiedpositive-acting photoresists containing such a copolymer have been 
disclosed in U.S. Patent 5,258,257 to Sinta et bL 
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Other preferred resins that have acid-labile deblocking groups for ase in a 
positive-acting chemically-amplified photoresist of the invention have been disclosed 
in European Patent Application 0829766A2 of the Shipley Company (resins with 
acetal and ketal resins) and European Patent Application EP0783136A2 of the Shipley 
Company (tcrpoJymers and other copolymers including units of 1) styrenc; 2) 
hydroxystyxene; and 3) acid labile group*, particularly alkyl acrylate acid labile 
groups such as t-butylacrylate or t^butytmethacrylate). In general, resins having a 
variety of acid labile groups will be suitable, such as add sensitive esters, carbonates, 
ethers, imides, etc. The photoadd labile groups will more typically bo pendant from a 
polymer backbone, although resins thai have acid labile groups that are integral to the 
polymer backbone also may be employed. 

Suitable polymers that are substantially or completely free of aromatic groups 
suitably contain acrylate units such as photoacid-labile acrylate units as may be 
provided by polymerization of methyladamanatylacrylate, 

methyladamanylmediacrylale, emylfencylacrylate. emylfen^lmelhaciylate, and the 
like; fused non-aromatic alicyclic groups such as may be provided by polymerization 
of a norbomene compound or other alicyclic compound having an endocyclic carbon- 
carbon double bond; an anhydride such as may be provided by polymerization of 
maleic anhydride; and the like. 

Preferred negative-acting compositions of the invention comprise a mixture of 
materials that will cure, crosslink or harden upon exposure to acid, and a photoactive 
component of the invention. 

Particularly preferred negative acting compositions comprise a resin such as a 
phenolic resin, a crosslinker component and one or more photo acid generator 
compounds in a high concentration as disclosed herein. Such compositions and me 
use thereof has been disclosed in European Patent Applications 0164248 and 0232972 
and in U.S. Patent Mo. 5,128,232 to Thackeray ct al. Suitable phenolic resins for use 
as the resin binder component include novolaks and polytvinyrphenol)s such as those 
discussed above. Suitable crosslinks include arnine-based materials, including 
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mclamine, glycolurils, benzoguanamine-based materials and urea-based materials. 
Mclammc-fonr^dehyde resins are generally most preferred. Such ciosslinkers arc 
commercially available, eg. the melamine reams sold by American Cyanarnid under 
the trade names Cymel 300, 301 and 303. Qlycoluril resins are sold by American 
Cyanamid under trade names Cymel 1 170, 1 171. 1 172, area-based resins ate sold 
under the trade names of Beetle 60, 65 and 80 t and benzoguanaruinc resins are sold 
under the tradenames Cymel 1123 and 1125. 

Photoresists of the invention also may contain other materials. For example, 
other optional additives include actinic and contrast dyes, anti-striation agents, 
plasticizers, speed enhancers, sensitizers, etc. Such optional additives typically will 
be present in minor concentration In a photoresist composition except for fillers and 
dyes which may be present in relatively large concentrations such as, e.g., in amounts 
of from 5 to 30 percent by weight of the total weight of a resist's dry components. 

A preferred optional ad<Jitivc of resists of the invention is an added base, 
particularly tctrabutylammomum hydroxide (TB AH), especially a salt ofTBAH such 
as TBAH lactate or acetate, which can enhance resolution of a developed resist relief 
image. The added base is suitably used in relatively small amounts, eg. about 1 to 10 
percent by wei^t relative to the PAG component, more typically I to about 5 weight 
percent Otherprefened basic additives include ammonium sulfonate salts such as 
piperidmium p-toluenesulfonaie and dicyclohocylammonium p-toluenesulfonate; 
alkyj amines such as triptopylamine and dodccylamine; aryl amines such as 
diphajylamine, triphenylamine. aminophenol, 2-(4-aminophenyl>2-(4- 
hydroxyphenyOpropana, etc. 

The resin binder component of resists of the invention is typically used in an 
amount sufficient to render an exposed coating layer of the resist developable such as 
with an aqueous alkaline solution. More particularly, a resin binder will suitably 
comprise 50 to about 95 weight percent of total solids of the resist. 
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A resist of the invention can be suitably prepared as a costing composition by 
dissolving the components of the photoresist in a suitable solvent such as, e.g., a 
glycol ether such as 2-methoxyethyl ether (digtyme), ethylene glycol monomethyl 
ether, propylene glycol monomethyl ether; lactates such as ethyl lactate or methyl 
lactate, with ethyl lactate being preferred; propionates, particularly methyl propionate 
and ethyl propionate; a CeDosolvc ester such as methyl Cellosolve acetate; an 
aromatic hydrocarbon such toluene or xylene; or a ketone such as metfayiethyl ketone, 
cyclohexanono and 2-heptanone. Typically the solids content of the photoresist varies 
between 5 and 35 percent by weight of the total weight of the photoresist composition. 

Photoresists are typically applied on a substrate as a liquid coating 
composition such as by spin coating, dried by heating to remove solvent eg, SCC to 
1 60°C preferably until the coating layer is tack free, exposed through a photomask to 
activating radiation, optionally postexposure baked to create or enhance solubility 
•differences between exposed and noncxposed regions of the resist coating layer, and 
then developed preferably with an aqueous alkaline developer to form a relief image. 

The substrate on which a resist of the invention is applied and processed 
suitably can be any substrate used in processes involving photoresists such as a 
microelectronic wafer. For example, the substrate can be a silicon, silicon dioxide or 
duminum-aluminum oxide microelectronic wafer. Gallium arsenide, ceramic, quartz 
or copper substrates may also be employed. The substrate also can be chrome, e.g. 
chrome on glass substrate such as may be employed for photomask construction. 
Resists of the invention are particularly useful for processing photomask substrates. 

Substrates used for liquid crystal display and other flat panel display 
applications are also suitably employed, e.g. glass substrates, indium tin oxide coated 
substrates and the like. 

A liquid coating resist composition may be applied by any standard means 
such as spinning, dipping or roller coating. 
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The exposure energy may be x-ray. electron beam, extreme O.V- (ie. EUV), 
ion beam radiation. EUV Is generally recognized as having a wavelength of from 10- 
20 cm. X-ray exposure is recognized as atom 1 nrr, or about 4 to 50 angstroms. 
B^ts of the invention are suitably imaged with nation having a wavelength less 
than 160 nm, or less than about 100 nm. 

After exposure through a photomask, the resist with latent patterned image is 
suitably subjected to a postexposure bake, e.g- at temperatures of about SOTC or 
g^er, more specifically from abou, 100 to 16CTC. Fox an acid-hardening negative- 
acting resist, a post-development bake may be employed if desired at temperature, of 
from about 100 to 150°C for several minutes or longer to further cure the relief .mage 
formed upon development After development and any Development cure, the 
substrate surface bared by development may thenbe selectively processed, for 
example chemically etching orplaung substrate areas bared of photoresist in 
accordance with procedures known in the art Suitable etchants include a hydrofluoric 
acid etching solution and aplasma gas etch such as an oxygen plasma etch. 

All documents mentioned herein arc incorporated herein by reference. The 
following non-limiting examples are illustrative of the invention. 

Examples 1-4: Photoresist preparation and Uthogmphic processing 
Example 1 . 

Aphctoresistofmemveattontspr^ 
a terpolymer that consistsof 65 mole percent polymerized hydroxystyrene uruta, 15 
mo ,e percent styrene units, and 20 mole percent t-butylacrylate units; 2> a photoaerd 
generator of di^utylphenyOiodonlmn ortho-trifluoromethylsulfouate; and 3) 
t^utylammoniumhydroxide lactate salt The pbotoacid generator waa present m 
w „ of 8 weight percent based on total weight of the terpolymer. phomactd 
generator and tetrabutylammorunm hydroxide lactate salt T*e resist is formulated at 
5 weight percent solids. 
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The formulated resist composition is spin coated onto HMDS vapor primed 
silicon wafers and sofibaked via avaonum hotplate at 9<fC for 60 seconds to provide 
a coaling layer of 0.1 micron thickness. The resist coating layer is exposed through a 
photomask to e-beam radiation. The exposed coating layers are post-exposure baked 
at llO'C. The coated wafers are then treated with 0.26N aqueous tetrabutylamninniuin 
hydroxide solution to develop the imaged resist layer and provide a relief image The 
developed rehef image was 100 am dense lines/spaces. Those 100 am lines were well 
resolved and showed general absence of line edge roughness. 



Example 2. 

A photoresist of the invention is prepared by mixing In ethyl lactate solvot: 1) 
a terpolymer that consists of 65 mole percent polymerized hydroxystyrene units, 20 
m0 le percent styrene units, and 1 5 mole percent t-butylacrylate units; 2) a photoacid 
generator of di(t-butyl P henyl)iodonium ortho-trifluoromethylsulfonate; and 3) 
tetrabutylammonium hydroxide lactate salt. The photoacid generator was present in 
an amount of 8 weight percent based on total weight of the terpolymer, photoacid 
generator and tetrabutylimmooinm hydroxide lactate salt The resist is formulated at 
S weight percent solids. 

The formulated resist composition is spin coated onto HMDS vapor primed 
silicon wafers and softbaked via a vacuum hotplate at 90"C for 6X> seconds to provide 
a coating layer of 0.1 micron thickness. The resist coating layer is exposed througha 
photoinask to EUV radiation having a wavelength of about 15 nm. The exposed 
coating layers are post-exposure baked at 1 10'C. The coated wafers am then treated 
with 0.26N aqueous tetrabutylammonium hydroxide solution to develop the imaged 
resist layer and provide a relief image. 

Example 3, 

A photoresist of the invention is prepared by mixing in ethyl lactate solvenr: 1) 
a icrpolycner that consists of 65 mole percent polymerized hydroxystyrene units, 20 
mo le percent styrene units, and 15 mole percent t-butylacrylate units; 2) a photoacd 
generator of di(t-burylphenyl}iodonium onho-trifluoromethylsulfonate; and 3) 
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tetrabutyiawmonium hydroxide lactate salt. The photoacid generator was present in 
an amount "of 8 weight percent based on total weight of the terpolymer, photoacid 
generator and tetrabutylammonium hydroxide lactate salt The resist is formulated at 
12.5 weight percent solids. 

The formulated resist composition is spin coated onto HMDS vapor primed 
silicon wafers and softbaked via a vacuum hotplate at 90°C for 60 seconds to provide 
a coating layer of 0.4 micron thickness. The resist coating layer is exposed through a 
photomask to EUV radiation having a wavelength of about 15 nm. The exposed 
coating layers are post-exposure baked at 1 10°C. The coated wafers arc men treated 
with 0-26N aqueous tetrabutylammonium hydroxide solution to develop the imaged 
resist layer and provide a relief image. 

Example 4. 

A photoresist of the invention is prepared by mixing in ethyl lactate solvent: 1) 
a terpolymer that consists of 72 mole percent polymerized hydroxystyrene units, 8 
mole percent styrene units, and 20 mole percent t-butylacrylate units; 2) a photoacid 
generator of di(trbutylphenyl)iodonium ormo-trifluorometfaylsulfonate; and 3) 
tetraburylainmomum hydroxide lactate salL The photoacid generator was present in 
an amount of 8 weight percent based on total weight of the terpolymer, photoacid 
generator and tetrabutylammonium hydroxide lactate salt The resist is formulated ai 
5 weight percent solids. 

The formulated resist composition is spin coated onto HMDS vapor primed 
silicon wafers and softbaked via a vacuum hotplate at 9VC for 60 seconds to provide 
a coating layer of 0.1 micron thickness. The resist coating layer is exposed through a 
photomask to e-beam radiation. The exposed coating layers are postexposure baked 
at 1 10°C The coated wafers arc then treated with 0.26N aqueous tetrabntylammoniun 
hydroxide solution to develop the imaged resist layer and provide a relief image. 
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The foregoing description of the invention is merely illustrative thereof, and it 
is understood that variations and modifications can be effected without departing from 
the spirit or scope of the invention as set forth in the following claims. 
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1 Abstract 

Photoresists arc provided that arc useful for imaging with high energy 
Nation sources, such as EUV, electron beam, ion b«m and x-ray radiation- Resist, 
of the invention can exhibit enhanced sensitivity and resolution upon suchhrgh 
energy.hnagmg. In a first aspect, preferred resists of the invention can be 
characterized in part as having a high concentration of photoacid generator 
ccrnpound(s)relativ e to other resist components. In a further aspect, chemically- 
^hflcd posuive-acting photoresists are provided that exhibit enhanced photoecd 
generation efficiency upon high energy exposures. 



2 Representative Drawing 
Nothing 



